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SPECIFICATION 

TITLE OF THE INVENTION 

METHOD OF STORING SPENT FUEL AND SPENT-FUEL STORAOE STRUCTURE 

[ABSTRACT] 
[Object] 

It is directed to obtain a spent-fuel storing method and a spent-fuel storage structure 
capable of achieving enhanced heat release and radiation levels from a spent fuel assembly while 
assurmg easiness in an operation of taking out the spent fiid assembly durine a sDent fuel 
reprocessing. ^ y 

[Feature] 

A spent-fuel storage structure is prepared by loading a spent-fuel assembly in a metal 
contamer in such a manner that a space is defined between the spent-fbel assembly and the 
^dewall of the metal container, filling a heat-conducUve granular material in the space around 
the spent-iuel assembly, and then sealing the metal container. 
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[CLAIMS] 

1 . A method of storing a spent fuel, comprising: 

loading a spent-fuel assembly in a metal container in such a manner that a space is 
defined between said spent-ftiel assembly and the sidewall of said metal container; 

filling a heat-conductive granular material in said space around said spent-ftiel 
assembly; and 

then sealing said metal container. 

2. A spent-fuel storage structure comprising: 

a metal container formed larger than a spent fuel assembly stored therein to allow said 
spent fuel assembly to be loaded in said metal container in such a manner that a space is defined 
between said spent fuel assembly and the sidewall of said metal container; and 

a heat-conductive granular material filled in said space around said fuel assembly and 
sealedly stored in said metal container together with said spent fuel assembly. 

PETAILED DESCRIPTION OF THE INVENTION] 
[Field of Industrial Application] 

The present invention relates to a spent-fuel storing method and a spent-fuel storage 
structure, and more particularly to a technique for facilitating improvement in heat release, shock 
resistance and/or handleability of a spent-fuel assembly. 
[Prior Art) 

A spent nuclear fuel (hereinafter refenred to as "spent fuel") is submerged and stored under 
the water of a fuel pool in a nuclear reactor facility for a fixed period of time to supprejis 
temperature rise due to the residual decay heat therein. 

There has been proposed a technique of improving an effect of cooling a spent fuel, for 
example, Japanese Utility Model Laid-Open publication No. 03-119797. This technique is 
directed to facilitate cooling of the spent fuel using the stream of a fuel pool water produced by 
injecting a stirring gas into the pool water. 

After storage for an appropriate period of time, the spent fuel can be reprocessed to extra£t 
a useful substance, such as plutonium, therefi-om. Because of economic or social factors, sucia 
as depreciation of uranium fuel or delay in actual use of fast-breeder reactors, the spent fiiel is 
likely to be stored for an extmded period of time. 

There has also been proposed a technique of storing a spent fuel in the same manner as that 
for vitrified materials, as disclosed in Japanese Patent Laid-Open publication No. 03-273198 
"Storage Facility for Spent Fuel and Radioactive Waste", which is shown in FIG. 3. In HG. 3, 
the reference code C indicates an object to be stored (spent fuel contained in a canister), I 
indicating a cell chamber, 2 indicating a concrete wall, 3 indicating a carry-in chamber,' 4 
indicating a roof stab, 5 indicating a support structure (support firame)^ 6 indicating an inner pipes 
(storage pipe), 7 indicating a tubular cooling flow channel, 8 indicating an outer pipe, 9 
indicating an air inlet, 10 indicating an air outlet, 1 1 indicating an air-supply shaft, 12 indicating 
an exhaust shaft, 13 indicating a lower plenum, 14 indicating an upper plenum, 15 indicating 
forced ventilation means, 16 indicating a closing plug, 17 indicating an air intake port, 20 
indicating an air supply pipe, 22 indicating an air-collecting header, 23 indicating an exhaust 
pipe, 26 indicating a blower, 27 indicating a discharge pipe, and 28 indicating a communicating 
opening. 

In this technique, the objects C each having a spent fuel stored in a particular canister are 
prepared, and then stacked vertically in the storage pipe 6 disposed in the cell chamber L Then, 
the forced ventilation means 15 is activated to supply a cooling air into the storage pipe 6 so as to 
cool the objects C. In addition, even after the forced ventilation means 15 is deactivated, a 
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cooling effect based on natural convection can be expected. 
(Problem to be solved by the Invention] 

However, in the technique of cooling the spent fuel which is stored in the canister, a gus 
residing between the spent fuel and the sidewall of the canister acts as a heat insulating layer 
which causes the following problems to be solved, ' 

(1) The heat transfer from the spent foci to the canister is deteriorated by the gas residir^g 
therebetween, and thereby the spent fiiel is apt to have a higher temperature. 

(2) The space between the spent fuel and the canister causes deterioration in shock and 
vibration resistances. 

(3) The spent fiiel emits a high level of nuclear radiation, and thereby an operator engaged 
in transporting the spent fuel to the storage facility is likely to have an increased radiation 
exposure. 

In view of the above circumstances, it is therefore an object of the present invention to 
achieve enhanced heat release and reduced radiation level from a spent fuel assembly while 
assuring easiness in an operation of taking out the spent fuel assembly during a spent fuel 
reprocessing. 

[Means for solving the Problem] 

The present invention provides a method of storing a spent fuel, comprising: loading a 
spent-fuel assembly in a metal container in such a manner that a space is defined between the 
spent-fuel assembly and the sidewall of the metal container; filling a heat-conductive granular 
matwial in the space around the spem-fUel assembly; and then sealing the metal container The 
present invention also provides a spent-fuel storage sUucture comprising: a metal container 
formed larger than a spent fuel assembly stored therem to allow the spent fuel assembly to \hs 
loaded in the metal container in such a manner that a space is defined between the spent fiiel 
assembly and the sidewall of the metal container; and a heat-conductive granular material filled 
in the space around the fuel assembly and sealedly stored in the metal container together with thes 
spent fuel assembly. 
[Function] 

For storing a spent fiiel, a metal container larger than a spent fuel assembly is prepared in 
advance. After the spent fuel assembly is loaded in the metal container, a resultingly defined 
space is filled with a heat-conductive granular material. Thus, the heat from the spent fiieJ 
assembly is transferred to the wall of the metal container through the heat-conductive granular 
material. The filling layer of the heat-conductive particles having a higher heat conductivity than 
that of gases facilitates releasing the heat of the spent fuel assembly outside to reduce the 
temperature of the spent fUel assembly The heat-conductive granular material in contact with 
the surface of the spent fuel assembly provides enhanced vibration resistance in the spent fiiel 
assembly, and die radiation from the spent fuel assembly is attenuated during the course of 
transmitting through the heat-conductive granular material. 
[Embodiment] 

With reference to FIGS. 1 and 2, one embodiment of a spent-fiiel storing method and a 
spent-fuel stomge structure according to the present invention will now be described. In these 
figures, the reference code 30 indicates a spent fiie] storage stnicture, 31 indicating a metal 
container, 3la indicating a main body of the container, 31b indicating a top cover of the 
container, 32 indicating a spent fijel assembly, 33 indicating a heat-conductive granular material, 
34 indicating a sv^g stopper, 35 indicating a welded portion, and G indicating a space. 

The metal container 3 1 is made, for example, of a stainless steel, and formed larger than the 
spent fiiel assembly 32, as shown in FIGS. 1 and 2. An appropriate number of the swing 
stoppers 34 are arranged on the inner surface of the container body 31a in integral therewith to 
guide and lead the spent fliel assembly 32 to its cowect position during a loading operation of the 
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spent fuel assembly 32. In the embodiment illustrated in FIG. 2, four of the spent fuel 
assemblies 32 are stored in a single unit ofthe metal container 31. 

The heat-conductive granular material 33 comprises alumina particles or the like which Jire 
filled m tbe space G between the metal container 3 1 and the spent fiiel assembly 32 or the space 
G between the adjacent spent fuel assemblies 32. For example, the heat-conductive granular 
material 33 may be iq a powder or particle form having an average grain size of 0 24 um or 
more. After die heat-conductive granular material is filled in the metal container 31 having the 
appropriate number of spent fiiel assemblies 32 loaded therein, the top cover 31b is attached to 
the contaraer body 3 la. and then die welded potion 35 is formed between the container bodv 3 U 
andthetopcover31btosealthemetalcomainer31. 

According to the spent-fuel storage structure illustrated 30 in PIGS. 1 and 2 the decay heat 
of radioactive elements contained in the spent fuel assembles 32 is Cransferred to'the sidewall 3f 
the container body 31a through the heat^onductive granular material 33 based on heat 
conduction. The filling layer fomed ofthe heat-conductive granular material 33 has a hieher 
teat conductivity than that of gases (e.g. air), and thereby provides enhanced heat transfer 
During the course ofthe transmission, the radiation emitted ftom the spent fuel assemblies 32 is 
attenuated through the heat-conductive granular material 33. TTius, when the appropriate number 
of angular-shaped spent fuel assemblies 32 are loaded in the round-shaped metil container 31 as 
shown in FIO. 2. the portions ofthe heat-conductive granular material 33 correspondine to the 
respective spaces G filled therewith act to provide attenuated radiation as weU as enhanced heat 
transfer and reduced vibration, individually. 

A substantial heat conductivity of a mixtoire of air and alumina layers aixanged in the space 
G was comparatively calculated. Given that the porosity ofthe alumina layer is 0.4, the heat 
conductivity of air at 200»C being XF, and the heat conductivity of alumina itself at 200»C beina 
A«, the effective heal conductivity Xe of die alumina layer can be calculated as follows: 

Xe/\F = 12.7 

The layer using alumina as filler has a heat conductivity about ten times grater than the layer 
using air as filler. In this connection, tbe filling layer has actually a higher effective heat 
conductivity Xe because any radiant heat is ignored in die above description 
[Measurement of Effective Heat Conductivity] 

Three kinds of granular aluminas, respectively, having average grain sizes of 24 (# 24) 
60 pm (# 60) and 80 fim (# 80) was selected as filler, and the respective effective hea: 
conductivities (Kcal / mh«C) were measured. The measurement resuh is shown as follows, 
Effective heat conductivity (# 24): 0.24 (at 25''C), 0.27 (at 100»C), 0.36 (at 300'C) 
Eficctivc heat conductivity (# 60): 0.27 (at 25"C), 0.31 (at lOO-Q. 0.40 (at 300"C) 
Effective heat conductivity (# 80): 0,28 (at 25»C). 0.32 (at lOO'C), 0.42 (at 300'C) 
, wherein a bulk specific gravity (at 25-0 was 1.97 (# 24), 2.06 (# 60) and 2.12 (# 80). and a 
filhng factor was 0.51 (# 24). 0.53 (# 60) and 0.54 (# 80). In this measurement result, ^24 has 
the lowest effective heat conductivity. Thus, the granular alumina having a grain size of 24 um 
or more can be selected to clear the worst condition. As above, it was verified that, even if the 
grain size is smaU. the alumina layer has an effective heat conductivity about ten or more times 
greater than that of die an: layer, at a temperature of 1 00»C or mote. 
[Other Embodiment] 

In the pKseat invention, another embodiment employing the following technical matters 
can be contemplated as a substitute for the above embodiment 

a) The heat-conductive granular material 33 is a granular material having heat stability and 
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radiation resistance, other than granular alumina 

b) The thickness of the filling layer fonned of heat-conductive granular material 33 is setln 
consideration of radiation level. ^ ^ 

c) The sidewall of the container body 31a is ibrmed with a cooling fin or th^j^jkie. ^ 

d) The number of the spent fuel assemblies 31 to bo stored in the metal li%ainer 31 is 
arbitrarily set W 

[Effect of the Invention] 

The spent-fliel storing method and the spent-fuel storage structure according to^^present 
invention provide the following effects. 

(1) The heat-conductive granular material filled in the space between the metal c^tainet 
and the spent fuel assembly facilitates heat transfer to enhance (he heat release from the spent 
fiiel assembly so as to suppress temperature rise in the spent fuel assembly. 

(2) The interposition of the heat-conductive granular material layer provides enhance shock 
resistance of the spent fuel assembly. 

(3) The filled heat-conductive granular materia] can be removed through a suction method 
or the like according to need. Thus, the operation performance in the reprocessing can be 
improved while assuring easiness in the operation of removing the spent fiiel assembly. 

(4) The interposition of the heat-conductive granular material layer provides an enhanced 
effect of attenuating radiation to provide enhanced handleability duiring the transporting and 
storing operations. 



[BRIEF DESCRIPTION OF THE DRAWINGS] 

FIG. 1 is a sectional front view showing one embodiment of a spent-f\)cl storing method 
and a spent-fuel storage structure according to the present invention. 

FIG. 2 Is a cross-sectional view showing one embodiment of a spent-fuel storing method 
and a spent-fhel storage structure according to the present invention. 

FIG. 3 is a sectional front view showing an example of a conventional storage &cility for a 
spent fiiel and a radioactive waste. 
[EXPLANATION OF NUMERALS) 
30: spent fuel storage structure 
31: metal container 
31a: container body 
31a: top cover 
32: spent fuel assembly 
33: heat-conductive granular material 
34: swing stopper 
35: welded portion 
0: space 
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